Abstract: Alticinae species composition, richness and abundance were investigated and compared between Ç ıglıkara and Dibek nature reserves in Antalya, at the Mediterranean region of Turkey. The study was conducted in six sites, three for each area (C1-C3 for Ç ıglıkara, D1-D3 for Dibek). The sites have different vegetation structure and degrees of altitudes: Ç ıglıkara sites (altitudes 1500-1800 m a.s.l.) are dominated by Cedrus libani; Dibek sites (650-1550 m a.s.l.) by juniper and cedar. Collections, using sweep-net and aspirator, were carried out at 15-day intervals from 2005 to 2006. A total of 4,245 individuals belonging to 60 species of Alticinae were captured. Dibek was distinctly more diverse than Ç ıglıkara in both years. D1, D3, C3 were the most diverse sites in 2005 while the diversity index values were higher for D1, D2, and D3 in 2006. Cluster analyses using Jaccard and Bray-Curtis indices revealed a high degree of similarity between Alticinae communities at sites D1, C3, and D2 in both years. Comparing Alticinae diversity among sites, the highest species richness and diversity was verified at D1, a forest area including mixed populations of Cedrus, Juniperus and Acer (altitude 1553 m a.s.l.). Factors influencing differences in Alticinae diversity among sites and nature reserves were discussed.
Introduction
Alticinae, or flea beetles, have been the most speciesrich and abundant group in Chrysomelidae with approximately 560 genera and more than 8,000 described species (Furth 1988; Konstantinov & Vandenberg 1996) . The total number of Palearctic flea beetle has reached 1,388 species, classified in 90 genera (Gruev & Döberl 2005) . Turkish Alticinae fauna contains about 300 species, including the recent contributions of Aslan & Warcha lowski (2001 , Aslan et al. (2002 Aslan et al. ( , 2004 , Gök & Ç ilbiroglu (2004a, b, c) , and Aslan & Gök (2005 . Despite the taxonomic papers recently published on Alticinae of Turkey, there is still little information about their diversity and community structure in this country. Alticinae are highly specialized insects feeding on a wide range of plant groups, especially the Angiospermae (Konstantinov & Vandenberg 1996) and this feature, associated to their high diversity, makes this group an important indicator for biodiversity surveys (Furth et al. 2003) . They are important both ecologically and economically due to their worldwide distribution and distinct phytophagous diet. Detailed knowledge of species diversity patterns is therefore important for conservation biology, biodiversity monitoring, and community ecology. However, studies focused on Alticinae species diversity and composition patterns are still absent or very limited. Most of these have been carried out in tropical rainforests including the one performed by Furth et al. (2003) which is (essentially) based on comparison of the different sampling methods. More recently, some studies on diversity, community structure and seasonal fluctuation of Brazilian Alticinae have been performed by Linzmeier et al. (2006) and Linzmeier & Ribeiro-Costa (2008 .
Recognition of the importance to study and measure biodiversity has became a worldwide topic, recently very discussed. Biodiversity is, in essence, a comparative science; the investigator tries to find if one domain is more diverse than another, or whether diversity has changed over time (Magurran 2004) . The western and southern coasts of Turkey, including the study areas Ç ıglıkara and Dibek nature reserves, represent an important part of the Mediterranean Basin hotspot of biodiversity (Myers et al. 2000) . So, each of the study areas were considered to have specific Alticinae faunas depending on the distinct vegetation structures and ecological patterns.
The objectives of this study were to (i) survey the flea beetle fauna of Ç ıglıkara and Dibek nature reserves located in Antalya province of Turkey, (ii) compare the species diversity, faunal similarity and other parameters between nature reserves and among sampled sites of the areas, (iii) discuss the possible factors that affect Alticinae communities.
Because of the specific food habit of Alticinae, it is expected that the diversity of this group is closely related with the presence and diversity of their host plants. Thus, the hypothesis of the present study is that vegetation structure and composition is the main factor influencing the diversity and similarity among different Alticinae communities. The nature reserves are of great importance for the diversity of phytophagous insects because of their rich floristic composition. Although Alticinae constitutes a noticeable part of phytophagous insect groups, studies on comparative Alticinae diversity of different sites are quite limited in worldwide. Increasing this kind of comparative studies will help to get a better understanding of the factors influencing the distribution and diversity of flea beetle species.
Material and methods

Study areas
The survey was carried out in two nature reserves in the province of Antalya, placed at the Mediterranean region of Turkey. Six sites, three for each area, were selected for the inventory. The study areas and sites are described below.
Ç ıglıkara Nature Reserve
This place is located in Elmalı province of Antalya with an area of 15.889 ha. This region is dominated by Cedrus libani A. Rich. which has half of the total C. libani populations existing in Turkey. The area is considered as unique in the world including the oldest and pure cedar populations. Different vegetation types (forest, shrub, steppe, etc.) exist in the area as well as many endemic plant species. The higher elevations (1800-2500 m a.s.l.) represent sub-alpine zone features with relatively cold climate and members belonging to steppe vegetation are present. Juniperus excelsa Bieb. is the second dominant species in the forest area after Cedrus libani. Among the species of shrub vegetation, Quercus coccifera L. populations form the dominant group with a high proportion of others (Fraxinus ornus L., Rosa canina L., Jasminum fruticans L., Phlomis grandiflora H.S. Thompson, Crataegus monogyna Jacq., Amelanchier parviflora Boiss., Prunus cocomilia Ten., Amygdalus orientalis Miller and Styrax officinalis L.) occurring in the area. Average annual temperature was 9.24
• C and average relative humidity was 61.75%.
The first site (C1; 36 • 30.80 N, 29
• 46.95 E) is a meadow dominated by Verbascum and Astragalus species, surrounded by dense cedar populations at higher elevations. Erysimum and Isatis are other common genera in this area. The altitude ranges from 1600 to 1700 m a.s.l. The site was exposed to grazing and apiculture activities in both study years.
The 
Dibek Nature Reserve
This area is a part of Beydagları mountains, located in the southwestern extension of the Taurus mountain chain, in Kumluca province of Antalya. The juniper and cedar dominated forest ecosystem accompanied with a number of monumental trees makes the area a natural arboretum. The total area is about 550 ha. Lower parts of the reserve comprise Pinus brutia Ten. assemblages while upper parts (more than 1000 m a.s.l.) include species of Cedrus and Juniperus predominantly. Quercus spp., Crataegus spp., Acer spp., Fraxinus sp., Berberis sp., and Celtis sp. are other common tree and shrub species in the area. Average annual temperature was 11.54
• C, and average relative humidity was 61.07%. The first site (D1; 36
• 38.22 N, 30
• 16.07 E) is a forest area including mixed populations of Cedrus, Juniperus and Acer, at 1553 m altitude. The site has a rich herbaceous vegetation, and is interesting due to its vegetation diversity changing in small distances. Euphorbia, Salvia, Teucrium, Alcea, Nepeta, Stachys, Clinopodium, and Verbascum represent other common genera.
The second site (D2; 36 • 38.76 N, 30
• 16.78 E) includes an open area dominated by Salvia, Nepeta, Euphorbia, Stachys, Teucrium, Cardaria, and Verbascum species followed with a shrubby area mainly consisting of Quercus spp., Celtis sp., and Berberis sp. The site has an altitude of about 1360 m a.s.l. The open part of the field was exposed to apiculture activities in both study years beginning from mid-spring to early-autumn.
The third site (D3; 36 • 32.04 N, 30
• 13.01 E) greatly differs from other two sites in vegetation structure, and altitude. The site has an average altitude of 650-700 m a.s.l. and a predominance of shrubs. Styrax officinalis forms the dominant species of shrub vegetation. Euphorbia, Heliotropium, Salvia, Sinapis, and Alyssum are other important plant genera of the herbaceous vegetation. The site was highly disturbed by human activities compared to others.
Sampling method and collection
Six sites, three for each nature reserve, representing different habitats were investigated. Field surveys were performed at 15-day intervals from April to October in 2005 and 2006. Adult Alticinae were collected using an entomological sweep-net and aspirator. A total of 14 samplings were performed each year in each site; each consisted of 500 sweeps of the net. The collections were performed only by the author started during morning, at about 9 a.m. A climate data recorder (HOBO data logger temp/RH/2 ext channels) was installed at each study area in order to measure the temperature and relative humidity.
Collected beetles were taken to the laboratory to be mounted and labeled. Specimens were identified to species under an Olympus SZ61 stereomicroscope according to the taxonomic keys and figures given by Mohr (1966 Mohr ( , 1981 , Lopatin (1984) , Döberl (1994) , Warcha lowski (1996 Warcha lowski ( , 1998 Warcha lowski ( , 2000 Warcha lowski ( , 2003 , and Čížek & Doguet (2008) .
Plant species on which beetles were constantly observed feeding in field were considered to be potential host plants. Damaged host plants were also collected, preserved by standard methods, and sent to specialists for identification. The collected specimens are deposited at the Biology Department of Süleyman Demirel University, Isparta.
Data analysis
Species diversity and richness of Alticinae in nature reserves and among the sites were examined using the programs BioDiversity Pro (Biodiversity Professional Version 2) (McAleece et al. 1997) , and MVSP (Multi-Variate Statistical Package) (Kovach 2005) . The Shannon index of species diversity (H ), Shannon evenness index (J ), Simpson's index (D) and Berger-Parker index of dominance (d) -Eqs 1, 2, 3 and 4, respectively -were used as the alpha-diversity indices (Magurran 2004) . Shannon diversity index is defined as
Shannon's evenness index is defined as
Simpson's index is defined as
and Berger-Parker index of dominance is defined as
where pi is the proportion of individuals found in the ith species, S is the number of species, N is the total number of individuals and Nmax is the number of individuals in the most abundant species. For Simpson's index and BergerParker index of dominance, the reciprocal forms (1/D and 1/d) were used so that an increase in the value of index accompanies an increase in diversity and a reduction in dominance. Cluster analyses were performed using Jaccard (Cj) and Bray-Curtis (CN ) coefficients (Magurran 2004 ) in order to determine the similarity among the areas and sites (Eqs 5 and 6). The Jaccard similarity index is defined as
and Bray-Curtis index is defined as
where a is the total number of species present in both sites compared, b is the number of species present only in site A, c is the number of species present only in site B, Na is the total number of individuals in site A, N b is the total number of individuals in site B, and 2jN is the sum of the lower of the two abundances for species found in both sites (Magurran 2004) .
Results
Species richness and diversity
A total of 4,245 Alticinae specimens belonging to nine genera and 60 species were collected from Dibek and Ç ıglıkara nature reserves as a result of field surveys carried out during two years, 2005 and 2006 (Table 1) . Longitarsus Berthold, 1827, Psylliodes Latreille, 1825, and Phyllotreta Chevrolat, 1837 were the most common genera in both studied areas, with higher dominance of Longitarsus in number of species (Fig. 1) . In 2005, a total of 1,853 alticines of 53 species were recorded from Dibek and Ç ıglıkara nature reserves while these numbers were 2,392 specimens and 45 species for the year 2006. Dibek had the highest richness and abundance in both years. Longitarsus salviae (6.40%), L. alfierii furthi (5.99%), L. obliteratus (5.42%), L. aramaicus (5.26%), and Dibolia carpathica (4.99%) were the most abundant species, comprising about 45% of the total specimens collected during the study (Table 1) . Species composition and abundance varied evenly within nature reserves, especially at Dibek where sites contained 26, 18, 15 species in 2005, and 28, 17, 16 species in 2006. Among the sites studied, the ones chosen from Dibek (D1-D3) had the highest species numbers, respectively, in both years. Species richness in the sites of Ç ıglıkara (C1-C3), on the contrary, was rather low, but more consistent (Table 2 ). In 2005, there were no species shared among the sites studied whereas in 2006, Longitarsus salviae and Psylliodes instabilis were recorded from all six sites (Table 2) .
Dibek was distinctly more diverse than Ç ıglıkara according to Shannon's, Simpson's and Berger-Parker's indices of diversity both in 2005 and 2006 (Table 3) . As for the sites, D1, D3, C3 were the most diverse ones respectively in 2005 while the index values were higher for D1, D2, and D3 in 2006. C2 had the fewest number of species; hence it was the least diverse site for both years (Table 3) . Compared the Alticinae diversity among all sites studied, D1 had the highest species richness and index values in both of the study years.
Species composition and faunal similarity
Among the 53 species collected in 2005, 15 species were common to Ç ıglıkara and Dibek nature reserves. Cluster analysis based on species composition (Jaccard's index) revealed a similarity of 28% between the Alticinae communities of the two areas. However, according to Bray-Curtis index, which takes into account both species composition and number of individuals, the similarity was 35%. In 2006, 19 species of the 45 were shared between nature reserves, resulting higher percentages of similarity degrees (42% Jaccard, 37% BrayCurtis).
Similarity among sites with respect to species composition (Jaccard index) revealed a closer relationship between sites D1, C3 and D2 in 2005, while it resulted with two different groups in 2006 (Fig. 2) . The dendogram resulting from Bray-Curtis index showed similar results, with sites D1, C3, D2 closer to one another in 2005 and 2006 (Fig. 3) .
Discussion
There are a number of papers published about Coleoptera focusing on biodiversity, e.g., by Wagner (2000) , Baselga & Novoa (2006 , Balog & Markó (2007) , but there is still few information when considering the size of the group that consists about 40% of all described insects with more than 350,000 species (Borror et al. 1989 ). About Alticinae (or Alticini as some authors consider the group; a tribe of Galerucinae), some papers have been published only recently in South and Central America (Furth et al. 2003; 2003; Andrew & Hughes 2004; Wąsowska 2004; Lassau et al. 2005) . The results of this study highlighted that flea beetle communities are clearly different in composition, abundance and diversity in habitats of different characteristics. There were differences in species richness and diversity among the sites studied. Dibek sites D1 and D3 Dibek were the most diverse in 2005 followed closely by C3 (Ç ıglıkara). In 2006, sites belonging to Dibek nature reserve had distinctly higher diversity index values than those belonging to Ç ıglıkara. Cluster analyses using Bray-Curtis and Jaccard similarity indices showed that, among the six sites studied, the highest similarities of species compositions were found between D1, C3 and D2. These three sites present similar vegetation structure thus, are more similar in species composition. For both studied years, D3 and C1 clearly differed in species compositions compared to other sites, although D3 was the most diverse.
Comparing flea beetle species in nature reserves, Dibek have more species than Ç ıglıkara in both years of investigation. The recorded numbers of species in Dibek and Ç ıglıkara were 42 and 26, respectively in 2005, while they were 37 and 27 in 2006. Similarly, the sites chosen from Dibek had higher number of species and diversity indices than those from Ç ıglıkara. The conditions supporting higher Alticinae diversity in Dibek, particularly in D1, seem to be more favorable than those in Ç ıglıkara. The floristic diversity of the D1 site undoubtedly influenced the species composition and richness of Alticinae. The low average temperature related to high altitude, cedrus dominated tree vegetation, and widely uniform herbaceous cover were the possible factors responsible for the low species diversity found in Ç ıglıkara nature reserve.
According to results from cluster analyses, D3 and C1 were clearly separated from the other sites in both years. D3 has the lowest altitude and is dominated mainly by shrubs (especially Styrax officinalis). Because of different food sources in addition to low altitude, D3 probably has peculiar Alticinae fauna. The greater human disturbance in this site which provides more diverse host plants, increase the Alticinae richness. Similarly, because grazing and apiculture activities had been frequently carried out in the C1 site, it was preferred only by some species. Comparing Alticinae similarity of nature reserves among years with respect to species composition (Jaccard index), the similarity degree between the two years was 60% for Ç ıglıkara while it was 52% for Dibek. Among the sites chosen from Dibek, D1 and D2 were closely related both in 2005 and 2006 with similarity percentages of 33% and 45%, respectively. As for Ç ıglıkara, the highest similarity was found between the sites C2 and C3 with 30% for 2005, and 38% for 2006 (Table 4) The species composition of phytophagous beetles may vary considerably between sites because of the differences in some determinants for insect species diversity, such as host plant abundance, distribution and species richness (Ødegaard 2006) . Flea beetles are highly specialized phytophagous insects, most of the species being mono-or oligophagous (Furth 1979; Jolivet 1988; Konstantinov & Vandenberg 1996) . So, the Alticinae diversity of the sites is closely associated with the herbaceous vegetation diversity and abundance. Actually, D1, which was determined as the most diverse site overall the study, had a quite rich herbaceous cover compared to other sites. The composition of Alticinae communities in the sites also changed based on the richness and availability of host plant species, or their alternatives existing at each site. The highest records of species richness, abundance, and diversity at the sites chosen from Dibek, and C3 from Ç ıglıkara prove that most alticines are preferentially distributed in areas with various microhabitats composed of many herbs and grasses, accompanied by shrubs.
Longitarsus represents the dominant genus in all collecting sites. This is because it has a wider range of habitat and host plant preference than most of Alticinae genera (Furth 1980) . Therefore, it is not surprising that nearly all of the dominant species found in this study belonged to the genus Longitarsus. The distribution of the following Longitarsus species was closely related with the presence and abundance of their host plants: L. alfierii furthi (Nepeta nuda), L. angelikae (Salvia sp., Teucrium chamaedrys), L. aramaicus (Salvia sp.), L. obliteratus (Nepeta sp., Salvia spp.), L. salviae (Salvia heldreichiana) and L. baeticus (Verbascum spp.). The overdominances of these species can be explained by the spatial organization of their host plants.
Dibolia carpathica, one of the abundant species of the study areas, was recorded from all sites (except D3) in both study years. The absence of this species at D3 can be explained by the low altitude (about 650 m a.s.l.) compared to other sites. This species is possibly restricted to altitudes above 1000 m a.s.l. and can be considered as characteristic of higher biotopes.
Consequently, of the factors that have impact on the diversity of Alticinae communities the influence of the vegetation richness and structure is the greatest. As the presented results show, the vegetation diversity and occurrence of actual host plants decides the flea beetle diversity or similarity of particular areas. However, this is a multifactor evaluation (including temperature, humidity, landscape, seasonality, flea beetle life cycle) and further studies will be useful for understanding accurate reasons.
